This report is a survey of all pregnancies complicated by diabetes delivered in a general hospital between 1921 and 1943. Omitted from consideration are 3 self-induced abortions and 10 early therapeutic abortions. Of the latter, one was performed because of previous toxemia of pregnancy (case 1, to be described), one because of pre-existent nephritis, one because of emaciation from long neglect of therapy, and the remainder chiefly for social and economic reasons. This leaves 31 pregnancies allowed to progress to or near term in 23 patients with diabetes. The diagnosis of diabetes was confirmed by the observation of unequivocal hyperglycemia in the postabsorptive state at some time in each case. The patients were all seen by one or more of the authors, and, with few exceptions, were under their general medical supervision before, during, and after the pregnancies. Diets in all cases contained approximately 80 grams of protein, at least 100 and usually 1 50 to 250 grams of carbohydrate, and fat sufficient to supply caloric needs. The aim of treatment was to insure utilization of the diet by prevention of any glycosuria. Insulin, when necessary, was used in the smallest doses which served to attain this end. The aim was not completely attained in many instances, as will be indicated later. Protamine insulin has been used in conjunction with regular or crystalline insulin in some of the more recent cases in accordance with our general practice.' Most of the patients were under our care long before the pregnancies, consulting us for many varied intercurrent events, of which pregnancy was only one. For this reason, there is considerable objective information concerning the health of these patients prior to pregnancy, and, more especially, concerning their vascular systems.
Age Incidence Eight of the 14 primigravida are 27 years or older; 4 of the 9 multigravida are 39 years or older. This is chiefly the result of inertia in overcoming the fear of pregnancy in the primigravida, and of the cumulative incidence of diabetes with advancing years. Other reported groups show this same tendency. On the basis of age alone it seems hardly proper to compare this group of pregnancies with the data on the general population. It may be significant, for example, that S of the 6 toxemias of pregnancy observed in the primigravida occur in the 6 patients who are 28 years or older, and 3 of 4 of the hypertensive toxemias in multigravida occur in patients who are 39 years or more of age (Table 1) . It is also quite apparent that the elderly multigravida (last 5 cases) who developed diabetes only late in their child-bearing periods required little or no insulin (Table 2) , and that these patients probably differ in other respects from the so-called juvenile diabetics.
The effect of pregnancy on tolerance for carbohydrate
In all cases, the attempt was made to find the smallest dose of insulin which would prevent more than occasional glycosuria throughout the day. When glycosuria was more than occasional it is shown in Table 2 by bold-face figures for insulin dosage. If the glycosuria was sufficient to provoke polyuria, weight loss, or acidosis, this is noted in the last column. It is evident that satisfactory control was not always maintained, even in the cases which were under observation from the start. This was because of lack of cooperation in some instances and because of rapid variations in tolerance in others. Spontaneous variations in tolerance are to be expected in any 9-month period, as well as are changes concerned with emotional disturbances and infections.
The regularity with which the insulin requirement increased during the pregnancy is, therefore, the more significant. Six patients who required no insulin before pregnancy needed it during pregnancy (cases 4, 7, 11, 13, 15, 20) . Of these, 4 were again able to dispense with it after the pregnancy (cases 4, 11, 13, 15) . In 7 who used insulin before pregnancy, the dose rose unequivocally during pregnancy and fell again shortly before or after delivery (cases 2, 3, 6, 9, 10, 12, 14) . The recorded changes in case 3, while apparently not great, are undoubtedly significant, since they represent a doubling Our data indicate that tolerance for carbohydrate in diabetic women is usually reduced during pregnancy. This is in accordance with the experience of most other clinics. 4' 6, 12 The tolerance is usually poorest in the last trimester, improving rapidly, as a rule, shortly after, or occasionally shortly before, parturition. Only rarely does the tolerance become better than it was before the pregnancy. Occasional hypoglycemia occurring during or shortly after labor has been attributed by some, probably with justification, largely to exercise. The more lasting improvement in tolerance has been attributed by many to increased function of the fetal pancreas or to lactation. Hypertrophy of fetal islet tissue has been described in the offspring of diabetic women. It is inconstant, however, and is uncorrelated with the severity or control of the diabetes.5 Fur-thermore, it is not uncommon in pregnancies uncomplicated by diabetes." Hypertrophy of the fetal pancreas can hardly be a major factor in improvement of maternal tolerance, since the latter improves with parturition. Lactation might diminish the need for insulin, either by a hormonal effect or by absorbing for milk formation large quantities of carbohydrate and protein. If lactation were an important factor, one should expect a fall of insulin requirement below the level preceding pregnancy, with subsequent rise after weaning. This has seldom been noted clinically. The loss of tolerance during pregnancy with return to the original status at term would seem to be best explained by initiation and termination of the same factor or factors. The extensive hormonal changes occurring in pregnancy might, conceivably, act as such factors.
The difficulty of carrying depancreatized animals through pregnancy discouraged early experimentation. Pancreatectomy shortly before term usually resulted in abortion, but, when pregnancy continued, there was little or no hyperglycemia until parturition, whereupon the blood sugar rose precipitately.2 A single successful pregnancy in a partially depancreatized dog was associated with moderate decrease in utilization of carbohydrate.' Subsequently, totally depancreatized dogs maintained on constant diet and insulin doses have been carried successfully through pregnancy.3' 9 It is stated9 on the basis of 24-hour urine analyses for glucose and nitrogen that the tolerance of the first of these dogs was unchanged by pregnancy, but it seems questionable whether the data can be so interpreted, since the 24-hour glucose excretion varies considerably on successive days. If 3-day periods are taken, the glucose excretion is 86 grams at 4 weeks, 105 grams at 6 weeks, 129 grams at 7 weeks, 1 3 grams at 8 weeks, less than 10 grams during lactation and shortly after weaning, and 77 grams 12 weeks after delivery. Thus it may be fair to say that the tolerance for carbohydrate diminished during pregnancy with subsequent return to its state before pregnancy, as it has been observed to do in most clinical cases. The postabsorptive blood sugar was 429 mg. per cent on the day before delivery, an indictment of the efficacy of multiple fetal pancreas in ameliorating maternal diabetes. The marked improvement during and shortly after lactation is contrary to the usual experience in patients with diabetes. This is probably due to the great demand for milk by multiple offspring, and is perhaps only another manifestation of the drain of foodstuffs which may cause symptomatic hypoglycemia in domestic animals. Two of three dogs studied later under similar conditions3 show increased glycosuria during estrus and pregnancy until approximately a week before term, when there is marked improvement which continues through lactation. These authors do not comment on the reduction of tolerance during early pregnancy, but express the opinion that the drain of foodstuffs to build fetal tissue in late pregnancy, and to make milk subsequently, may play a major role in the reduction of glycosuria during these periods.
The increase in insulin requirement in pregnancy has been ascribed in part to lowering of the renal threshold for glucose.8 This factor has not been investigated in our cases, but the absence of hypoglycemic episodes when the insulin doses were greatest exdudes this as a factor of major importance.
Hydramnios
There was obvious hydramnios in only 4 cases (2, 6b, 12a, 14a-14b) . There is no apparent relationship to adequacy of control of the diabetes. Two cases (12a, 14a-14b) were associated with pre-eclamptic toxemia.
Maternal mortality There was none.
Toxemia of pregnancy There were 12 toxemias (in 10 patients) in the total of 31 pregnancies (in 23 patients). As has already been indicated, part of this high incidence may be related to the advanced age of the diabetic mothers. In none of the 4 multigravida with hypertensive toxemia can the latter be attributed in any way to the co-existence of diabetes and pregnancy, since all had records of hypertension long before such pregnancy, either before any pregnancy (case 18), or in prior pregnancies uncomplicated by diabetes (cases 21, 22, and 23). All of the 8 pre-eclamptic toxemias first became manifest in the last month of pregnancy. They occurred in 6 primigravida, in 2 of whom the toxemia recurred with a subsequent pregnancy (cases 12 and 14) . Of the 6 patients with pre-edamptic toxemia, labile hypertension was present in 2 cases (1 and 10), and probably a third (case 11), long before any pregnancy. Two had proved rheumatic heart disease (cases 10 and 12). In one of these (case 12), toxemia developed shortly after a respiratory infection in the first pregnancy and after a dental abscess in the second, circumstances not uncommon in pregnancy uncomplicated by diabetes. None had a proved pyelitis prior to pregnancy, although 2 developed it in the puerperium (cases 12a and 14a). One non-toxemic patient (case 6b) had pyelitis during pregnancy, partially controlled by sulfonamid therapy. Of the 8 patients in our series observed through two pregnancies complicated by diabetes, 2 had toxemia both times, 6 neither time.
It is apparent that the over-all incidence of toxemia is high in our cases, as it is in those reported from other clinics. The risk carried by the young healthy diabetic without previous vascular disease may be much smaller. The past record of the 4 multigravida with hypertensive toxemia made the latter almost inevita:ble, even if diabetes had not occurred in the interval. Likewise, the presence of labile hypertension before pregnancy in 3 of the 6 primigravida who developed hypertension might be expected to increase their susceptibility to toxemia, even in the absence of diabetes. For purposes of prediction of risk in any individual, it might be fair to say that it is not great in young primigravida or in multigravida without previous hypertension or pregnancy toxemia.
Fetal size
The birth weights of 29 of the 31 babies are known. The average weight is 3360 grams. If the 3 premature intra-uterine deaths (13a, 17a, 20), and the two babies delivered more than a month before term (6a, 16) are excluded, the average of 24 babies becomes 3636 grams. Labor was induced in 7 of these and section performed in 5. An even larger average weight might be expected if the pregnancies had been allowed to proceed until labor set in spontaneously. There were 12 such pregnancies, the average weight of the babies being 3860 grams. This is well above the average for full-term babies of non-diabetic mothers. Only 3 of these 12 babies resulted from pregnancies complicated by toxemia (11, 14a, 22) , and the average weight of these 3 was only 3487 grams, indicating that the frequent occurrence of toxemia in our cases is not correlated with the high average birth weight. The control of the diabetes was excellent in all but 3 of these (case 17b, asymptomatic but with probable intermittent glycosuria; case 22, with con-siderable glycosuria in the early months only; case 11, with symptomatic glycosuria in the 4th month and good control subsequently). The average weight of these 3 is 3810 grams, slightly less than that of the whole group.
Large babies, causing difficult deliveries with birth injuries and fetal death, occur with disturbing frequency in all reported series of pregnancies complicated by diabetes. Many have attributed this to fetal hyperglycemia maintained by diffusion from the maternal circulation. This is an obvious explanation, though hardly as yet a satisfactory one. Others have attributed it to excessive pituitary function. Still others feel that it is a manifestation of avitaminosis B. Large babies occur even in cases with excellent control of the diabetes throughout pregnancy, though it must be admitted that some hyperglycemia must occur at times even under the best circumstances. If avitaminosis were the cause of fetal oversize, it is strange that there are no other manifestations of vitamin lack. We have seen no clinical stigmata of hyperpituitarism, and have indicated that toxemia plays no important role. The relationship of hyperglycemia and vitamins to fetal size might be clarified by animal experimentation.
Fetal mortality
The 31 pregnancies yielded 19 babies who survived the neonatal period, and who were subsequently normal. Some of these had very stormy neonatal periods, as described by Miller and Ross.'" Of the 12 fetal losses, 6 were contributed by 3 patients (cases 6, 8, 17) . There were 4 intra-uterine deaths with subsequent delivery of macerated fetuses (cases 8b, 13a, 17a, 20), 3 of which occurred following severe symptomatic glycosuria with ketonuria in the 7th or 8th month of pregnancy. Brief periods of similar lack of control in the 5th and 7th months in case 1 and in the 7th month in case 7 did not prevent the delivery of living children. There were 3 deaths resulting from difficulty in delivering large babies (cases 8a, 14a, 17'b). There was one stillborn, without apparent deformity, of a hypertensive mother who had convulsions after attempted medical induction at 8 months (case 23). This was a 16th pregnancy. Three small premature ba'bies survived less than 24 hours. One of these babies (case 6a) had meningocele. One patient (case 16) had placental infection subsequent to premature rupture of the membranes; 4 of her 5 previous pregnancies (prior to knowledge or symptoms of diabetes) ended in spontaneous abortions. Another (case 21), a hypertensive, was entirely uncooperative and had some glycosuria throughout pregnancy; of 8 pregnancies prior to the development of diabetes, there were 4 stillbirths at 7, 8, 8 , and 9 months respectively. The last fetal death (case 6b) was the result of hemorrhagic disease of the newborn; the pregnancy had been complicated by pyelitis and anemia.
Of the 4 children born to multigravida with hypertension, 2 lived. Of the 7 born to multigravida without hypertension, 3 lived. Of 6 pregnancies in primigravida with pre-eclampsia, 5 babies survived. Of 8 primigravida without toxemia, only 5 survived. Three of these had second pregnancies, with only one live child resulting. Our data therefore give no evidence of correlation between maternal toxemia and fetal survival such as has been observed elsewhere.
Deaths due to oversize of babies might be eliminated by abdominal delivery, although recognition of such cases in advance presents an extremely difficult problem in most cases, probably because fat, and not skeletal parts, is increased. Many recommend routine abdominal delivery a week or two before term in diabetics, but this approach is debatable in view of the increased maternal risk, and the considerable risk of fetal loss on the basis of this form of delivery alone. Routine abdominal delivery in our series might, theoretically, have saved 3 babies, at the expense of doing 15 unnecessary operations, in patients who delivered normal children by the vaginal route. Actually none would have been saved, since operation was withheld for obstetrical reasons in all-because of extensive scabies (case 8a), failure to report for hospitalization until labor was well advanced (case 17b), and fear of sepsis from a recent streptococcal pharyngitis (case 14a).
Intra-uterine death in the last trimester, with subsequent delivery of a macerated fetus, has been attributed to diabetic acidosis. Of 4 such cases in our series, 3 were complicated by profuse glycosuria, ketonuria, weight loss, and dehydration. The fourth case, however, had no diabetic symptoms during pregnancy. Two other cases, moreover, had acidosis without fetal death. Both of these, in contrast to the others, were under supervision, and were treated promptly. It seems at least probable that adequate control of glycosuria can reduce the incidence of such fetal losses.
Even if all of these could be prevented, however, the fetal loss would still be abnormal. The reason for the increased incidence of fetal accidents in certain diabetics is obscure; the defect is apparently not related to toxemia of pregnancy or to poor control of the diabetes, and is often apparent in the pregnancy history. 4. Obvious hydramnios occurred 5 times. 5. There was no maternal mortality. 6. Toxemia occurred in 10 patients. Of these, 4 with hypertensive toxemia had had severe hypertension before the onset of the pregnancy. Five of the 6 patients with pre-eclamptic toxemia were 28 years or older. Three of the 6, including the young one, had labile hypertension prior to the pregnancy. Of the 8 patients with 2 pregnancies each, 2 had toxemia both times, 6 neither time. For purposes of prediction of the risk of toxemia in the individual case, it seems fair to say that it is slight in young patients without previous vascular disease, and in multigravida without previous hypertension or toxemia.
7. The babies tend to be large, without apparent relation to maternal toxemia, or control or severity of maternal diabetes. 8 
